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Abstract

Background: The objective of this investigation was to evaluate the association between toenail selenium concen-
tration and lung cancer risk in male smokers.
Methods: We conducted a nested case–control study within the Alpha-Tocopherol Beta-Carotene Cancer
Prevention Study cohort. This substudy included 250 randomly selected incident lung cancer cases and 250
controls matched on age (up to ± 5 years), intervention group assignment, and date of randomization (�15 days).
Odds ratios (ORs) and 95% confidence intervals (CIs) were determined using conditional logistic regression
methods. Finland began fortification of agricultural fertilizers in the fall of 1984, increasing the dietary intake,
plasma, and toenail selenium concentrations for the population. The present analyses were based on the calculated
residual of toenail selenium after regressing it on date of randomization. The selenium residual and the interaction
of the residual with date of randomization were included in models with smoking status and body mass index as
covariates.
Results: We observed a suggestion of a protective association for higher selenium status among men who entered
the trial early (when the range of selenium values included very low levels). The OR for men with adjusted toenail
selenium concentrations at the 75th percentile compared to those with the lowest selenium concentrations ranged
between 0.20 (0.09–0.44) for men randomized earliest in the trial and 0.61 (0.27–1.41) for men randomized in the
fifth year.
Conclusions: These results suggest that low selenium status may be associated with increased risk for lung cancer.

Introduction

Research has suggested that the essential trace element
selenium may play a role in cancer prevention. Selenium
is a key component of the glutathione peroxidase
enzymes, which remove hydrogen peroxides generated
in vivo by free radicals. Lipid hydroperoxides and their
products may damage DNA and metabolically activate
carcinogens [1]. There is evidence from a large random-
ized clinical trial to support an association between
selenium and lung cancer. Clark and colleagues [2]

reported that a daily 200 lg selenium supplement
reduced total cancer mortality by 50% and reduced
lung cancer incidence and mortality by 46% and 53%,
respectively. Further, three nested case–control studies
conducted in Finland using blood samples collected
between 1968 and 1976 also provide support for a
relationship between selenium and lung cancer [3–5].
Selenium intake varies greatly in different parts of the

world, mainly because of differences in the soil selenium
content. The selenium intake in Finland was estimated
at 20–30 lg/day in the late 1970s and early 1980s [6], or
about half the level recommended by the US National
Academy of Science [7]. Finland began fortification of
agricultural fertilizers with selenium in the fall of 1984
[8]. As a result average selenium intake increased in the
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next five years, stabilizing at 125 lg/day, until it was
lowered in 1990 and reached approximately 80 lg/day
by 1993 [9]. Plasma selenium concentrations nearly
doubled during the same period, increasing from a mean
of 0.89 lmol/L during the pre-fortification period to
1.52 lmol/L by 1989 [9]. Toenail selenium concentra-
tions for two groups of Finnish middle-aged men were
reported in 1984 and 1991 as 0.45 mg/kg [10] and 0.96
mg/kg [11], respectively.
Recruitment for the Alpha-Tocopherol Beta-Carotene

Cancer Prevention Study (ATBC) began in 1985. We
designed a nested case–control study within the ATBC
Study cohort, matching cases and controls on date of
entry into ATBC, to evaluate whether lower toenail
selenium concentrations were associated with lung
cancer risk throughout the implementation of the soil
supplementation program. Based on preliminary ana-
lyses we had reason to believe that, although selenium
intake overall would increase during the trial, the
relative ranking of individuals would change very little.

Materials and methods

Sample population

The ATBC Study trial was conducted in Finland
between 1985 and 1993 as a joint project between the
National Public Health Institute in Finland and the
US National Cancer Institute. The trial was a large,
randomized, double-blind, placebo-controlled preven-
tion trial to determine whether daily supplementation
with a-tocopherol, b-carotene, or both would reduce the
incidence of lung or other cancers. The overall design
and initial results have been published [12, 13]. Briefly,
29,133 Caucasian male smokers between the ages of 50
and 69 years were recruited from southwestern Finland
between 1985 and 1988 and randomly assigned to one of
four groups based on a 2� 2 factorial design. Men who
had prior cancer, serious illnesses, or reported current
use of vitamins E (>20 mg/day), A (>20,000 IU/day)
or b-carotene (>6 mg/day) were ineligible. Participants
received 50 mg/day a-tocopherol (as dl-a-tocopheryl
acetate), 20 mg/day b-carotene, both a-tocopherol and
b-carotene, or placebo. Active follow-up continued for
5–8 years until 30 April, 1993.

Case ascertainment and control selection

This analysis includes 250 incident lung cancer cases
diagnosed prior to 30 April, 1993. Cases were identified
by the Finnish Cancer Registry [14] and randomly
selected within three major cell types to include approxi-

mately equal numbers of squamous (n¼ 90), small-cell
(n¼ 80), and adenocarcinoma (n¼ 80) histological types.
To enhance the ascertainment of cases a chest film was
obtained at a study visit every 28 months and at each
participant’s exit from the study. These were matched to
250 randomly selected disease-free controls on (1) age
(up to �5 years), (2) intervention group assignment, and
(3) date of randomization/toenail collection (�15 days)
to control for potential confounding by the selenium soil
supplementation which began in 1984.

Data collection

At baseline the study participants completed a demo-
graphic and general medical history questionnaire and a
food-frequency (use) questionnaire, height and weight
were measured, and blood and toenail samples were
collected. Toenail selenium is a reasonable indicator of
selenium intake over the previous six months to one year
[15].

Sample preparation and determination of selenium

For each individual, toenail samples from all toes were
cleaned by treatment with 1% sodium dodecylsulfate
solution for one h, ultrasonicated for one min, rinsed
five times with purified water and then dried at 60 �C to
constant weight. The total sample of nail clippings was
cooled on dry-ice in a PTFE chamber together with a
tungsten-carbide ball for about five min. The ball mill
(B. Braun Biotech, Melsungen, Germany) was operated
for one min at 1600 rpm. The fine powder was stored in
glass vials at room temperature until analyzed. The
selenium concentration of nails was determined on
10–50 mg aliquots by acid-digestion fluorimetry using
2,3-diaminonaphthalene to produce the piaselenole
according to the methods of Alfthan [16]. Each batch
consisted of 40 randomly ordered paired cases and
controls, two different reference samples of known
selenium concentration, and two randomly placed blind
quality control (QC) samples of an in-house nail powder
pool labeled to resemble the subject samples. The over-
all coefficient of variation for QC toenail selenium was
3.5% (mean 0.700 � standard deviation (SD) 0.024
mg/kg). In these analyses the mean and SD for BCR
Bovine Liver 185 was 0:467� 0:0089 mg/kg (certified
for 0:446� 0:013 mg/kg) and those for EKT 96/94 liver
was 0:724� 0:008 mg/kg (certified for 0:744� 0:051).

Statistical analysis

Statistical analyses were performed using Statistical
Analysis Systems (SAS) software [17,18]. Dietary vari-
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ables were energy-adjusted via the residual method. The
characteristics of case and control subjects were com-
pared by the Wilcoxon rank sum test for continuous
variables, and chi-squared test for categorical variables.
Odds ratios (ORs) and 95% confidence intervals (CIs)
for the association between lung cancer and toenail
selenium were determined in conditional and uncondi-
tional (controlling for the matching factors) logistic
regression models. Initially toenail selenium was ana-
lyzed as a categorical variable. Because of the soil
fortification program in Finland, men randomized early
in the trial had the lowest selenium concentrations. The
Spearman rank correlation between date of randomi-
zation and toenail selenium concentration was 0.71.
Median toenail selenium concentrations for control
subjects by date of randomization in the trial were
0.411 (April–December 1985), 0.450 (January–June
1986), 0.534 (July–December 1986), 0.572 (January–
June 1987), 0.636 (July–December 1987), and 0.654
(January 1988 onwards) mg/kg, respectively. Therefore
we conducted preliminary analyses by time of randomi-
zation, splitting the data into four time periods: (1) April
1985–June 1986, (2) July–December 1986, (3) January–
December 1987, and (4) January 1988 and later. These
time periods were set to include both sufficient numbers
of cases and controls and also to capture changes in the
population toenail selenium concentration. The toenail
selenium concentrations were grouped into tertiles based
on the distribution among the controls within each
period. We developed 12 dummy coded indicator
variables to designate both time period and tertile of
selenium (e.g., time period 1, tertile 1; time period 1,
tertile 2; time period 1, tertile 3, etc.) with the earliest
time period and lowest toenail selenium serving as the
referent. However, the risk estimates from these models
were sensitive to the dates selected as cutpoints. In
follow-up analyses, presented in this article, we calcu-
lated the residual of toenail selenium after regressing it
on date of randomization to adjust for the correlation
between the toenail selenium and the date of random-
ization due to the soil fertilization program. The
selenium residual and the interaction of the selenium
residual with date of randomization were included in
conditional logistic regression models with smoking
(number of years and cigarettes per day) and body mass
index (BMI, kg/m2) as covariates. The parameter
estimates and variance/covariance matrices from the
model were used to calculate the point and interval
estimates for the effect of toenail selenium on lung
cancer risk relative to time during the study. Results are
presented as ORs and 95% CIs for men at the 25th and
75th percentiles compared to men with the lowest
selenium values. Effect modification by baseline serum

a-tocopherol and b-carotene concentrations, age, BMI,
smoking, treatment group, and alcohol intake was
assessed by including the individual factor and its
cross-product term with the continuous toenail selenium
variable in a separate multivariate model. For interac-
tions of interest, analyses were repeated with the
variables of interest stratified and the data analyzed as
unmatched, controlling for the matching factors in the
models.

Results

Table 1 shows selected characteristics of lung cases and
matched controls. The lung cancer cases were heavier
smokers and had smoked for more years than the
controls. In addition, mean BMI and total energy intake
were significantly lower among cases compared to
controls.
Figure 1 presents results from the multivariate condi-

tional logistic regression model relative to time during
the study. Data are presented as adjusted OR by time of
randomization (year) for men at the 25th and 75th
percentiles of baseline toenail selenium compared to men
with the lowest toenail selenium concentrations. The OR
for men with adjusted toenail selenium concentrations
at the 75th percentile compared to those with the lowest
selenium concentrations ranged between 0.20 (0.09–
0.44) for men randomized earliest in the trial and 0.61
(0.27–1.41) for men randomized late in the trial.
There was no meaningful effect modification for the

association between lung cancer and toenail selenium
status by serum a-tocopherol or b-carotene, age, BMI,
smoking, alcohol intake, or b-carotene trial supple-
ment use. A marginally significant interaction between
a-tocopherol treatment and toenail selenium was ob-
served (p ¼ 0:07), with a protective association apparent
among the group of men who received the a-tocopherol
treatment. The OR for men on a-tocopherol at the 75th
percentile compared to those with the lowest selenium
concentrations ranged between 0.33 (0.20–0.83) for men
randomized earliest in the trial and 0.43 (0.18–1.04)
for men randomized in the last year.

Discussion

Previous studies of selenium and lung cancer risk have
been inconclusive. In a large, recently completed ran-
domized trial, investigators reported that oral adminis-
tration of 200 lg of selenium per day reduced risk for
lung cancer risk by 46% and mortality by 53% [2]. Of the
prospective studies which have looked at selenium levels
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in plasma or serum, three of 15 found significant inverse
associations with lung cancer [3–5]. The other twelve
[9, 19–29] did not find statistically significant differences
between cases and controls. Two other prospective
studies evaluated the relationship between toenail sele-
nium status and lung cancer. One found a statistically
significant inverse association [30] and another found a
non-significant inverse association [31]. In all four
investigations where a significant inverse association
has been found, the population group had a low selenium
intake overall. In the most recent of these the authors
found that the effects of selenium on lung cancer risk
were modified by smoking [3]. An inverse association
between selenium and lung cancer was observed among
smokers but not among non-smokers. These authors
suggested that selenium may exert its protective effect
only at low levels of selenium in relation to the oxidative
stress [3]. Our results in a population of middle-aged
smoking men are consistent with this hypothesis.
In the present study toenail selenium concentration

tended to be inversely associated with lung cancer
among those who were randomized in the earliest time
period. There are several possible reasons for this result.
First, this group includes the majority of those men with
the lowest toenail selenium concentrations. If selenium
does exert a measurable protective effect only when
those with very low levels are available for comparison,
then this is the group in which we would most likely

Table 1. Selected characteristics of lung cases and controls (means and standard deviations)

Case subjects (n ¼ 250)

mean (SD)

Control subjects (n ¼ 250)

mean (SD)

Age (years) 63.0 (4.7) 63.0 (4.6)

BMI (kg/m2)a 25.5 (3.8) 26.5 (4.1)

Smoking

Cigarettes (/day)a 21.9 (8.4) 19.8 (9.0)

Yearsa 40.8 (7.0) 37.4 (7.7)

Dietary intakeb

Energy (kcal)a 2715 (805) 2882 (788)

Selenium (lg) 98 (30) 98 (31)

Vitamin E (mg) 15.7 (19.5) 15.1 (16.0)

Alcohol (g) 18.0 (20.5) 17.7 (21.7)

Biomarkers

Serum b-carotene (lg/L) 207 (152) 218 (164)

Serum a-tocopherol (mg/L) 11.6 (2.6) 11.8 (2.8)

Toenail selenium (mg/kg) 0.537 (0.129) 0.550 (0.134)

Treatment group (no. subjects)

b-Carotene 70 70

a-Tocopherol 54 54

Both 66 66

Placebo 60 60

a Cases significantly different from controls (p<0.05).
b Dietary variables adjusted for energy intake via the residual method.

Fig. 1. Adjusted odds ratio (OR) and 95% confidence interval (CI) of

lung cancer by baseline toenail selenium concentration and time

of randomization. *Matched on age, intervention group, and date of

randomization and adjusted for smoking and BMI.
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observe a protective effect. Second, toenail selenium
content within the earliest time periods is likely to most
closely approximate long-term intake. Toenails collected
a longer time period after the implementation of the
fortification are less likely to represent the true long-
term intake of the individual. However, we evaluated the
available dietary data to determine to what extent the
fortification program might result in ‘‘misclassification’’
of long-term intake. The Spearman correlation between
calculated selenium intakes based on a 1986 selenium
database and a 1984 selenium database was 0.87. These
data suggested that, for dietary selenium intake at least,
the relative ranking of individuals would not change
dramatically. Thirdly, it is possible that fortification
lowered lung cancer risk overall; and that within the
range of intakes in the later time periods the relation-
ship between selenium and lung cancer is modified. It is
unclear from the available experimental data whether
the chemopreventive effects of selenium are phase-
specific; however, in a recent review, Coombs and Gray
[1] noted that, in animal models, anti-tumorigenic effects
of selenium seem to occur during both the initiation and
promotion phases of carcinogenesis. Thus it might be
possible to change lung cancer risk overall in a relatively
short time frame.
We observed that a-tocopherol supplementation mo-

dified the reduced risk observed for increasing toenail
selenium status and lung cancer, with the effects seen
among those who received a-tocopherol. Although small
numbers dictate caution in interpreting this finding,
synergism between selenium and vitamin E has been
proposed and observed in experimental models [1].
In summary, the results of this study suggest that, at

low levels of intake, there is a reduced risk of lung
cancer with increased levels of toenail selenium. The
association between selenium and lung cancer was
weakened during later years, possibly due to the change
in the overall distribution of intakes, limitations of a
single toenail sample to accurately reflect long-term
intake due to the fortification, or to a change in overall
risk for lung cancer with the fortification. Further
investigations into a possible threshold effect for seleni-
um and the joint effects of vitamin E and selenium in the
prevention of cancer are needed.
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